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FOREWORD

This report documents the test procedures used and the test
results from four vehicle crash tests performed at the Federal
outdoor Impact Laboratory (FOIL) located at the Turner-Fairbank
Highway Research Center (TFHRC). One of the most difficult
problems to solve in the area of roadside safety hardware is how
to terminate guardrail systems. Under a Small Business
Tnnovation Research (SBIR) project, the Federal Highway
Administration (FHWA) and Technology Development Associates (TDA)
began exploring the use of composite materials in guardrail
terminals. An “off-the-shelf” fiberglass reinforced plastic

(FRP) box-section used for construction applications was targeted
as a candidate for use in a guardrail terminal because
preliminary pendulum tests showed that the FRP box-section had
good energy-absorbing characteristics. The FRP box-section's
ability to absorb energy and its availability led to research
using full-scale vehicles impacting a guardrail terminal designed
with the FRP box-section as the main component of the system.

The results from these tests showed that the FRP box-section has
potential as a guardrail terminal; however, it did not meet the
safety performance criteria outlined in the National Cooperative
Highway Research Program (NCHRP) report 350 that was used for the
test setup procedures.

This report (FHWA-RD-97-070) contains test data, photographs
taken with high-speed film, and a summary of the test results.
The tests involved the FRP box-section terminal and a Ford

Festiva traveling at 100 km/h.

This report will be of interest to all State departments of
transportation, FHWA headquarters, region and division personnel,
and highway safety researchers interested in the crashworthiness

of roadside safety hardware.

A.” GéorgésOstensen, Director
Office of safety and Traffic
Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability for
its contents or use thereof. This report does not constitute a
standard, specification, or regulation.

The United States Government does not endorse products or
manufacturers. Trade and manufacturers' names appear in this
report only because they are considered essential to the object
of the document.
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BACKGROUND

Oone of the most difficult problems to solve in the area of
roadside safety hardware is how to terminate guardrail systems.
Under a Small Business Innovation Research (SBIR) project (phase
II) the Federal Highway Administration (FHWA) and Technology
Development Associates (TDA) began exploring the use of composite
materials in guardrail terminals. More specifically, an “off-
the-shelf” fiberglass reinforced plastic (FRP) box-section used
for construction applications was targeted as a candidate for use
in a guardrail terminal. Some preliminary pendulum tests showed
that the FRP box-section had good energy-absorbing
characteristics. The FRP box-section's ability to absorb energy,
and its availability, led to further exploratory research using
full-scale vehicles impacting a guardrail terminal designed with
the FRP box-section as the main component of the system. The
design principle of the terminal was to absorb the energy from a
vehicle striking the terminal end-on, by tearing or ripping the
FRP box-section with the bolts used to transition the fiberglass
to standard w-beam rail element. Because this design is
anticipated for use on the National Highway System (NHS), the
National Cooperative Highway Research Program (NCHRP) Report 350
was used for the test setup procedures and the safety performance
evaluation of the FRP terminal.

SCOPE

This report documents the test procedures used and the test
results from four vehicle crash tests performed at the Federal
outdoor Impact Laboratory (FOIL) located at the Tuner-Fairbank
Highway Research Center (TFHRC) in McLean, Virginia. The crash
tests were setup and conducted in accordance with the NCHRP 350
test designation 3-30. The tests conducted involved an FRP box-
section terminal and a Ford Festiva traveling at 100 km/h. The
purpose of these tests was to evaluate the safety performance of
the FRP terminal and to provide data for future computer
simulation models of the FRP terminal. One general concept of
the terminal was tested; however, after analysis of each test,
minor changes were made to the terminal design to enhance the
safety performance during the subsequent tests. In addition to
the instrumentation outlined in NCHRP 350, several transducers
were added to provide computer simulation engineers with data
from certain vehicle components. The vehicle component
transducers were affixed to the vehicle in accordance with
Federal Motor Vehicle Safety Standard 208 (FMVSS 208)."%" The
results from these tests showed that the FRP box-section has
potential as a guardrail terminal; however, it did not meet the
safety performance criteria outlined in NCHRP 350. The data from
on-board transducers will provide computer simulation engineers
with information for developing and validating finite element
models (FEM) of roadside safety hardware.



TEST MATRIX

Four vehicle crash tests were performed on the FRP terminal.
The tests were set up following NCHRP test designation 3-30.
Table 1 summarizes the nominal test conditions and matrix for the
FRP terminal tests. The 820-kg vehicle used for these tests was
the Ford Festiva two-door sedan.

Table 1. Test matrix.

96F007 | 3-13-96 820 0° 100 %-point Lead post
96F016 | 8-15-96 820 0° 100 %-point Lead post
96F024 | 10-22-96 820 0° 100 %-point Lead post
96F027 | 12-20-96 820 0° 100 Y-point Lead post
VEHICLE

The test vehicles used were Ford Festiva two-door hatch-
backs with manual transmissions. The vehicles were weighed and
their inertial properties measured using the FOIL inertial
measurement device (IMD). The vehicles were stripped of certain
components to allow for the installation of data acquisition
equipment, a remote brake system, and guidance carriages. No
components were removed from the engine compartment. After the
vehicles .were instrumented, they were reweighed and their
inertial properties remeasured. The target test weight for the
vehicles was 820 kg. An anthropomorphic dummy was not placed in
the vehicle. Table 2 lists physical properties and dimensions of
the test vehicle before and after instrumentation (curb and
ballasted).

Table 2. Vehicle parameters.

Test Mode Yr | VIN# Weight | c.g. c.g. Pitch Roll Yaw
Number (kg) height | behind inertia inertia inertia
(mm) axle (rm) | Ckg-m?) ] (kg-m?) | (kg-m*)

Ballasted 88 | KNJBTO6K3J6132884 | 816 533 833 950 167 1029

Ballasted 88 | KNJBTO06K8J6132735 | 835 500 838 933 184 1032

Ballasted 90 | KNJPTOS5H4L6147716 | 816 558 860 918 172 1036




Table 2. Vehicle parameters (continued).

Test Mode Yr | VIN# Weight c.g. c.g. Pitch Roll Yaw
Number (kg) height behind inertia inertia inertia
(mm) axle (mm) | (kg-m?) | (kg-m?) | (kg-m?)

o oo

;7?7j_ g ;55§ffﬁfi'a3q e

Ballasted 93 | KNJPTOSH1P6134198 | 820 544 838 911 195 1045

TEST ARTICLE

The FRP end-terminal was comprised of the same basic
components for each of the four tests. However, some differences
did exist between each test installation. A basic FRP terminal
installation was comprised of an FRP composite box-section, a
square composite nose piece, two standard breakaway cable
terminal (BCT) posts, several extra-long breakaway CRT wood
posts, a thrie beam panel and thrie beam to w-beam transition
panel, and a steel weldment mounted inside the FRP box-section
and affixed to the first downstream section of steel guardrail.
Photographs depicting a typical test installation are shown in
figure 1. Figure 2 shows photographs of the nose section and
end-anchorage. The photographs in figure 3, of the downstream
end of the terminal, show the bolts that tie the steel rail
elements to the fiberglass beam and that will provide energy
absorption as they tear through the fiberglass. Figure 4 is the
technical drawing for the system tested in test 96F027. The
systems tested in tests 96F007, 96F016, and 96F024 varied
slightly from the design shown. Test 96F007 had a 4.3-m FRP box-
section, rather than the 6.1-m length used in the other tests.

In addition, in tests 96F007 and 96F016, a thrie beam to w-beam
transition was attached to the ccmposite beam instead of the 3.8-
m thrie beam rail element shown. The wedge-shaped cutters that
were added to the shear bolt-slots in tests 96F024 and 96F027
(shown in the drawing) to enhance the tearing action of the
composite beam were not utilized in tests 96F007 and 96F016. The
systems tested in tests 96F024 and 96F027 had minor diff-rences.
A wood spacer placed between the composite nose section and nose-
weldment was installed for test 96F024, and was not added in test
96F027. Also, test 96F027 utilized four Z-brackets attached to
the third and fourth posts to provide lateral support to the FRP
composite box-section. Figure 5 is an overview of an FRP system
installed at the FOIL. High-speed camera positions are included

in the drawing.

DATA SYSTEMS

Three data systems were used to record data from the four
crash tests. The systems were a speed trap, a transducer data
package, and high-speed photography.




Figure 1. Photographs of a typical test installation.

4



Figure 2. Photographs of the nose section and end-anchorage.

5



Figure 3. Photographs of the downstream end of the terminal.

6
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Speed trap. A set of five contact switches were mounted to the
FOIL runway just prior to the FRP terminal. As the vehicle
passed over each of the contact switches, a 1.5V pulse was
recorded. The five 1.5V pulses were later analyzed to determine
the vehicle speed just prior to contact with the FRP terminal.

Fourteen transducers consisting of 11
accelerometers and 3 rate transducers were affixed to the test
vehicle. Four of the accelerometers and the three rate
transducers were attached to the vehicle as close as possible to
the vehicle center-of-gravity (c.g.). The remaining
accelerometers were attached to various vehicle components as
shown in FMVSS 208. Figure 6 is a sketch of the Ford Festiva
with transducer locations.

|— The test was photographed using seven
high-speed cameras, one real-time camera, and two 35-mm still
cameras. All high-speed cameras were loaded with Kodak 2253
color daylight film and the real-time camera was loaded with
Kodak 7239 color film. One 35-mm camera was loaded with black
and white print film and the other was loaded with 35-mm color
slide film. The camera placements are summarized in table 3.
The camera numbers in table 3 are also shown in figure 5.

Table 3. Camera configuration and placement.
1 Locam II 500 | 5o 90° to impact rt. side
2 Photec 500 80 90° to shear "“olts
3 Locam II 500 20 overall, rt. side
4 Locam II 500 25 180° to impact on berm
5 Locam II 500 75 90° to shear bolts
6 Locam IT 500 50 90° to impact 1ft. side
7 Locam II 500 10 overhead, over terminal
8 Bolex 24 zoom | documentary
9 Canon A-1 still zoom | documentary

(prints)
10 Canon A-1l still zoom | documentary

(slides)

11



1 Top of engine 2000 g 140;813;508
2 Bottom of engine 2000 g 178;813;13
3 Right control arm 2000 g 127;127;0
4 Left control arm 2000 g 127;1372;0
5 Top of instrument panel 2000 g -495;800;660
6 Right side under rear seat | 2000 g -1727;445;178
7 Left side under rear seat 2000 g ~1727;1143;178
c.g. Rate transducer 500 °/s -813;787;152
c.g. Longitudinal acceleration 100 g -813;787;152
c.g. Lateral acceleration 100 g -813;787;152
c.dg. Vertical acceleration 100 g -813;787;152
c.g. Longitudinal acceleration 100 g -813;787;152

* Referenced from the center of the right wheel hub.

Figure 6.
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DATA ANALYSIS

Data was gathered and analyzed from a speed trap, on-board
transducers, and high-speed photography.

The speed trap consisted of a set of five contact
switches fastened to the runway at 0.3-m intervals. The center
of the speed trap was placed approximately 1.8 m from the FRP
terminal impact point. As the vehicle passed over the switches,
electronic pulses were recorded on analog tape. The tape was
played back through a Data Translation Analog/Digital (A/D)
converter inside a Compaqg Systempro computer. The time intervals
pbetween the first pulse and each of the subsequent four pulses
were then obtained using the analysis software provided with the
A/D converter. The time-displacement data was imported into a
computer spreadsheet and a linear regression was performed to
determine the best-line fit of the data points. The impact
velocity was then determined from the slope of the best-line fit
of the time-displacement data.

Transducer data package. The data from all transducers were
digitally recorded and converted to the ASCII format. The
sampling rate during data acquisition was 4000 Hz for data
recorded via the FOIL umbilical cable (c.g. accelerometers) and
12,500 Hz for data recorded via the ODAS III on-board system
(rate transducers and FMVSS component accelerometers). The ASCII
files were processed, which included removal of zero-bias,
storing the region of interest, and digitally filtering the data
to 300 Hz (Class 180). The 300-Hz data were imported into a
spreadsheet for plotting and analysis. Evaluation criteria
calculations were performed on the data as described in NCHRP

Report 350.

= The crash event was recorded on 16-mm
film by seven high-speed cameras. Primarily, the overhead camera
was the only camera used for high-speed film analysis. Analysis
of the crash event was performed using a NAC Film Motion Analyzer
model 160-F in conjunction with an IBM PC-AT. The motion
analyzer digitized the 16-mm film, reducing the image to
Cartesian coordinates. Using the cartesian coordinate data, a
time-displacement history of the test was obtained. The time-
displacement data were then imported into a computer spreadsheet
and a linear regression was performed to determine the impact
velocity of the vehicle. Using the Cartesian coordinate data and
trigonometry, the impact, exit, pitch, yaw, and roll angle data
were determined. Film analysis data were used in the event of
electronic data channel failure. . The speed trap data were used
as the primary measurement for impact velocity.

13



TEST RESULTS

During each of the four composite end-terminal tests, the
driver-side %-point of the Ford Fastiva struck the FRP composite
end-terminal at the centerline of the composite box-section as
intended. The sequence of events was similar during each crash
test. Within the first 0.006 s, the vehicle collapsed the
composite nose section as its front end collapsed. The first BCT
post fractured at the foundation tube and the tension in the
anchor-cable was released. At that time, the load was born by
the composite beam and the beam was ripped by the downstream
weldment and bolts. The four weldment bolts reached the end of
the slots at different times. The top and bottom bolts bottomed
out at approximately 0.020 s; approximately 0.002 s later, the
two inside or middle bolts reached the end of the slots. The end
of the FRP section and the nose piece sustained significantly
more damage in tests 96F016 and 96F027. The nose section was
dislodged from the FRP section during test 96F016. The amount of
crush stroke of the FRP composite varied between tests. The off-
center load induced a high rate of yaw into the vehicles and the
vehicles spun counterclockwise between 3/4 and 1 full rotation.
The vehicle remained upright during all four tests. After the
tests, each FRP box-section was cross-sectioned with a safety saw
to observe the weldment and thrie beam inside the FRP beam.
Significant amounts of fiberglass material had built up inside
the box-section between the transition elements. No significant
differences were noticed between tests. Table 4 summarizes the
data from each test. Photographs taken of the collision event
with high-speed film are shown in figures 7 through 10. NCHRP
Report 350 summary pages are shown in figures 11 through 14.

Pre- and post-test photographs of each test and data plots from
each test recorded by the on-board transducers are shown in
Appendix A.

Table 4. Summary of the FRP composite cerminal tests.

DATA 96F007 96F016 | 96F024 | 96F027
Impact speed (km/h) 100.7 95.0 97.2 97.8
Impact energy (kJ) 320 291 297 303

Longitudinal ridedown (g's) 14.9 5.5 11.7 9.1
Vehicle crush (mm) 502 514 400 355
Longitudinal 50-ms average g's 18.2 17.7 19.1 17.8
Peak g's: Longitudinal 35.0| 32.1 44.4 37.2

14



Table 4. Summary of the FRP composite terminal tests (cont'd).
DATA 96F007 96F016 | 96F024 | 96F027

Peak g's: Lateral 22.0 19.1 20 19.8
Lateral OIV (m/s) 2.2 4.3 2.4 3.8
Time OIV occurred (s) 0.428 0.509 0.455 0.416
Lateral ridedcwn (g's) 2.5 8.0 1.5 2.6

CONCLUSIONS

The results show that the ability of the FRP terminal to
split and tear (greater crush stroke) does not correlate with
better or lower occupant impact velocity (OIV). The results
indicate that the test with the least amount of FRP composite
shear (test 94F016) produced the lowest OIV (12.3 m/s), while the
two tests with greater FRP composite shear produced the highest
0IV. This suggests that a minimum FRP shear of 317.5 mm, coupled
with the energy consumed by the vehicle crush, nose piece
deformation, tension cable release, and fracture of the lead
post, was enough energy dissipation to produce occupant impact
velocities higher than the acceptable limits specified by NCHRP
350. The occupant impact velocity values for each test occurred
at essentially the same time during the event. This further
suggests that the crucial events are occurring before significant
tearing of the FRP box-section. The differences in FRP box-
section shear (crush stroke) may be a result of the nose piece's
interaction with the vehicle's front end. The two tests that
yielded the largest FRP crush stroke were the two tests with the
least amount of damage to the up-stream end of the FRP box-
section and nose piece. During tests 96F016 and 96F027, the
vehiclie started to penetrate under the nose piece, and the nose
piece and box-section began to rise up the vehicle's hood. As
the vehicle continued forward, the nose piece pivoted
counterclockwise around the FRP beam. The up-stream end of the
box-section was split and torn apart, and the nose piece was
dislodged from the terminal or was ripped and fragmented. 1In the
tests with larger FRP shear, the nose piece captured the
vehicle's front end better, which allowed the vehicle to maintain
the principal direction of force along the centerline of the FRP
box-section. However, improvement of the current beam's ability
to shear longer may not improve or lower the occupant risk
values. An FRP composite beam with a lower force requirement for

shear may help reduce the occupant risk.

Electronic data and high-speed film photographs were
successfully obtained during each test. This data will provide
simulation engineers with essential information for developing
and validating computer-generated models of this end-terminal

system.
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test 96F007 (continued) .
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